A very interesting question in studying the problems connected with wind farms is undoubtedly their impact on the landscape in which they are installed. Among the different methods for evaluating this impact, that defined by Électricité de France (EDF) has been taken into examination in this paper.
Introduction
The concepts of "landscape" based on purely and simply aesthetic criteria are nowadays obsolete as there is a general inclination to define the landscape according to the concepts of environment and territory [1] - [5] . The landscape gives birth to many natural and artificial "marks", and supplies the people who live and work there with a historical, social, technological importance, etc. (think, for example, to the skyscrapers of a large metropolitan area) [6] .
In this context a wind farm can be certainly considered as a "mark" representing not only a technological improvement, but also a historical, social awareness of the environmental, energy problems. However this new way of interpreting the "landscape" must not be detrimental to the role of the pre-existent elements of the same landscape [6] .
The estimation of the environmental impact depends exactly on the consideration of what is likely to happen to the pre-existent elements when a wind farm is installed.
Among the different ways of dealing with this problem, the approach defined by Électricité de France (EDF) has nowadays proven to be successful [1] , [4] .
In this paper the Author suggests that the abovementioned method applied to wind farms can be improved by means of Fuzzy techniques. In particular he will: 1) give a brief account of the EDF method; 2) show how the application of this method is rather difficult; 3) illustrate the new fuzzy approach suggested; 4) apply the EDF method to an Italian wind farm; 5) apply the fuzzy method suggested to this wind farm; 6) compare the results.
The method defined by EDF
As is well-known, this method was initially conceived for evaluating the visual impact of power lines, but it has turned out to be right for wind farms, too [6] . The EDF method is based on the analysis of the landscape where the wind farm is installed, considering that it could somehow have an environmental effect on the landscape. The landscape is therefore analyzed under two frames of reference, that is "visual quality" and "picturesque quality".
The visual quality of the landscape is defined as the ability of the landscape to limit the visual impact of a building by making it not very visible. The components of the visual quality are: width of the view (or scale of vision), scale of the visual elements of the landscape (or inner scale), their readability and complexity. On the contrary, the picturesque quality of the landscape classifies the ecological, aesthetic and historical peculiarities of the landscape with respect to their sensitivity to man-made interventions. The picturesque quality is char-acterized by the degree to which its components are banal, artificial, variable, innovatory and different.
A. Visual quality
In the EDF method there are five possible categories for the components of the visual quality, and each category has a corresponding index, according to TABLE I.
B. Picturesque quality
Each component of the picturesque quality is subdivided into three categories, and each of them has a corresponding score (-1, 0, 1) according to TABLE II. 
C. Environmental impact
According to the previous tables, it is possible to get two indices associated with the two above-mentioned different qualities, respectively. The sum of the indices relating to the two aforesaid different qualities gives the three degrees of sensitivity (TABLE IV) taken by the landscape when a wind farm is installed. In other words, each degree of sensitivity is an indicator of the likely environmental impact of the wind farm on the landscape.
TABLE IV -Degree of sensitivity of the landscape when a wind farm is installed related to the sum of the indices of visual and picturesque qualities.
Sum of the two indices
Degree of sensitivity of the landscape 2 or 3
Low sensitive 4
Medium-sensitive 5 or 6
Very sensitive
The Fuzzy method suggested
In the EDF method it is difficult, according to the tables available, to determine with absolute precision the indices relating to the picturesque and visual qualities, as well as it is difficult to get the exact degree of sensitivity of the landscape. For, the degree of sensitivity of the landscape can not be strictly classified only in one of the three categories of TABLE IV, but it is reasonable to suppose that these three categories do not have clear outlines, but they are veiled, blurred, fuzzy. The fuzzy logic [7] can therefore simplify the approach to the method, making its application much easier. So let's give a brief account of this method.
In the method here suggested (which is an improvement of the paper [8] For example, an average "Scale of vision" can be associated with v 1 = 0.5, while a middle/high "Degree of innovation" can be associated with p 4 = 0.75.
The fuzzy method consists of the following steps: 1) the memberships to be applied to both the visual and picturesque quality are determined (as shown in Fig. 1) ; 2) by the memberships used for the visual quality and the scores v i of TABLE V, the VQ index associated with the visual quality is calculated (as shown in Fig. 2) ; 3) by the memberships used for the picturesque quality and the scores p i of TABLE VI, the PQ index associated with the picturesque quality is calculated (as shown in Fig. 3 ); 4) VQ and PQ allow to calculate (by means of (1)) the output of the fuzzy approach, that is the Q index associated with the environmental impact;
5) Q allows to calculate the membership degree of the sensitivity of the landscape to the "Small", "Medium" and "Great" categories (Fig. 4 ).
Let's go into the above steps.
A. Memberships used for visual and picturesque quality
As is well-known, in the theory of fuzzy sets the membership of an element of a fuzzy set is given by a membership function whose values are between 0 and 1.
In the case under examination we have used memberships like those of Fig. 1 associated with the "small" (S), "medium" (M) and "great" (G) variables, both for the visual and picturesque qualities. Similar memberships have also been used for the indices 1, 2 and 3 (see TABLE I and TABLE III) . 
B. Visual quality
In accordance with TABLE I, each category given in this table follows the fuzzy rules in the following way: 1) If the "scale of vision" is GREAT & the "inner scale" is GREAT & the "readability " is GREAT & the "complexity" is SMALL, then the index is 1. This rule is shown in the first line of the diagrams in Fig. 2 . To each of the 4 diagrams of this line in abscissa correspond the scores v i of TABLE X, these scores being relating to the example of section 5.
2) If the "scale of vision" is SMALL & the "inner
scale" is SMALL & the "readability " is SMALL & the "complexity" is GREAT, then the index is 1 (see the second line of the diagrams in Fig. 2 ).
3)
If the "scale of vision" is GREAT & the "inner scale" is MEDIUM & the "readability " is GREAT & the "complexity" is MEDIUM, then the index is 2 (see the third line of the diagrams in Fig. 2 ).
4) If the "scale of vision" is MEDIUM & the "inner
scale" is SMALL & the "readability " is MEDIUM & the "complexity" is GREAT, then the index is 2 (see the fourth line of the diagrams in Fig. 2 ).
5)
If the "scale of vision" is MEDIUM & the "inner scale" is MEDIUM & the "readability " is MEDIUM & the "complexity" is MEDIUM, then the index is 3 (see the fifth line of the diagrams in Fig. 2 ).
Consequently the index VQ to be found, associated with the visual quality, is determined by the "Correlation Minimum Encoding" rule [7] (see the last column in Fig. 2 ). It should be noted that VQ varies from 1 and 3. 
C. Picturesque quality
From TABLE II and TABLE III the Author has inferred 3 rules for each of the 5 components of the picturesque quality.
Let's consider, for example, the 1 st component of the picturesque quality: the "Degree of banality". The fuzzy rules to be associated with it are the following (cf .  TABLE II and TABLE III) Fig. 3 ).
3)
If the "Degree of banality" is GREAT, then the index is 3 (see the third line of the diagram in Fig. 3 ).
The same is true of the other 4 components of the picturesque quality. In total we have 15 rules (see Fig. 3 ).
Consequently, as already seen in the previous case, the index PQ to be found, associated with the picturesque quality, is determined by the "Correlation Minimum Encoding" rule [7] (see the last column in Fig. 3 ). It should be noted that PQ varies between 1 and 3.
D. Environmental impact
The sum of the indices relating to the two different qualities gives the index Q, corresponding to the environmental impact, according to the following equation.
It is worth noting that Q varies between 2 and 6.
E. The membership degree of the kind of sensitivity of the landscape
The value of Q calculated by (1) allows the Author to determine, by means of a suitable membership, the degree of membership of the landscape to the three categories shown in TABLE VII. The membership function:
has been used [9] , where: m: is the mean of the membership, α: is the width of the membership.
From TABLE IV the Author has inferred the memberships of the categories of sensitivity of the landscape according to the parameters given in TABLE VII. These memberships have been represented in Fig. 4 .
TABLE VII -Categories of sensitivity of the landscape, and the relative parameters of the memberships. The value of Q calculated by (1) allows the Author to determine the degree of membership of the landscape to the three categories given in TABLE VII. The final output of the fuzzy method suggested is the following vector.
Degree of sensitivity of the landscape Membership m
[ ]
The EDF method applied to an Italian wind farm
The wind farm installed in Bisaccia (Italy) has been taken into examination in this paper and its environmental impact has been estimated by both the EDF method and the fuzzy method suggested by the Author.
The results coming from the application of the EDF method to the wind farm of Bisaccia found in [6] are here given.
As far as the visual quality (whose components are given in TABLE VIII) is concerned, a medium/great capacity of visual integration characterized by an index 1.5 (see TABLE I ) has been found in [6] by the EDF method. As far as the picturesque quality (whose components are given in TABLE IX) is concerned, a score equal to zero (medium picturesque quality) with an index equal to 2 corresponding to a neutral landscape (see TABLE II and  TABLE III) has been found in [6] by the EDF method. The sum of the above two indices of quality gives a value equal to 3.5 which corresponds to a medium-low sensitivity of the landscape (see TABLE IV ).
According to the Author, the application of the EDF method to the wind farms turns out to be hard. Moreover, it is not clear if the case under examination belongs to a category of visual quality of TABLE I, especially, for example, if the "Inner scale" is very close to «medium» than to «great».
The fuzzy method applied to an Italian wind farm
Let's assign to each component of the visual and picturesque quality a score between 0 and 1, given in The application of the method given in section 3 leads to VQ = 1.8759 (see Fig. 2 ), PQ = 1.9214 (see Fig. 3 ), and consequently Q = 3.7973 (see (1)).
The value of Q calculated by (1) allows the Author to determine the degree of membership of the landscape to the three categories of sensitivity, that is "small", "medium" and "great" (see (3) that is to say, a medium-low sensitivity of the landscape, as found by the EDF method.
Comparison of the results
As can be seen from the comparison of the two methods, the value of the visual quality index is VQ = 1.8759, while the value of the picturesque quality index is PQ = 1.9214, which differ from 1.5 and 2, respectively, these being the values calculated by the EDF method: there's nothing surprising about it, since the Fuzzy method varies in the continuum and not in the discrete quantity as the EDF method.
Moreover, thanks to the fuzzy approach we can better understand that the sensitivity of the landscape tends more to the "medium" value than to the "low" value, since the fuzzy method, unlike the EDF method, takes all information given in 
Conclusions
Starting from the EDF method used for estimating the environmental impact of the wind farms, the Author suggests in this paper a new method based on the Fuzzy logic.
Both methods have been applied to an Italian wind farm: the comparison shows not only that the application of the method suggested is a little easier than the EDF method but also that the method takes into account all the information lost with the EDF method.
